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ABSTRACT
We present a 3-dimensional study of the local (≤ 100 h−1 kpc) and the large scale (≤ 1 h−1 Mpc)
environment of Bright IRAS Galaxies (BIRGs). For this purpose we use 87 BIRGs located at high
galactic latitudes (with 0.008≤ z ≤0.018) as well as a control sample of non-active galaxies having
the same morphological, redshift and diameter size distributions as the corresponding BIRG sample.
Using the Center for Astrophysics (CfA2) and Southern Sky Redshift Survey (SSRS) galaxy catalogues
(mb . 15.5) as well as our own spectroscopic observations (mb . 19.0) for a subsample of the original
BIRG sample, we find that the fraction of BIRGs with a close neighbor is significantly higher than that
of their control sample. Comparing with a related analysis of Sy1 and Sy2 galaxies of Koulouridis et al.
(2006) we find that BIRGs have a similar environment as Sy2s, although the fraction of BIRGs with
a bright close neighbor is even higher than that of Sy2 galaxies. An additional analysis of the relation
between FIR colors and the type of activity of each BIRG shows a significant difference between the
colors of strongly-interacting and non-interacting starbursts and a resemblance between the colors of
non-interacting starbursts and Sy2s. Our results support the view where close interactions can drive
molecular clouds towards the galactic center, triggering starburst activity and obscuring the nuclear
activity. When the close neighbor moves away, starburst activity is reduced with the simultaneous
appearance of an obscured (type 2) AGN. Finally, the complete disentanglement of the pair gives
birth to an unobscured (type 1) AGN.
Subject headings: galaxies: — active — infrared — starburst: galaxies: – large-scale structure of the
universe
1. INTRODUCTION
The IRAS Revised Bright galaxy sample by Sanders
et al. (2003) includes all galaxies with total 60 µm flux
density greater than 5.24 Jy. The sample is the result of
a highly complete flux-limited survey conducted by IRAS
covering the entire sky at galactic latitudes |b| ≥ 5o and
was compiled after the final calibration of the IRAS Level
1 Archive. It offers far more accurate and consistent
measurements of the flux of objects with extended emis-
sion. In addition, the infrared fluxes of over 100 sources
from the sample were recalculated by the IRAS High
Resolution (HIRES) processing, which allowed the de-
convolution of close galaxy pairs (Surace, Sanders, Maz-
zarela 2004). The latter provides a more-than-ever reli-
able database of the IRAS galaxies which can be proved
crucial for statistical studies like this one.
While the relation between Ultra Luminous IRAS
Galaxies (ULIRGs) and strong interactions has been
thoroughly studied (e.g. Sanders, Surace & Ishida 1999,
Wang et al. 2006), this is not the case for the envi-
ronment of moderately and low luminous infrared galax-
ies. A 2-dimensional analysis of Krongold et al. (2002)
showed a trend for a Bright IRAS Galaxy (BIRG) sam-
ple on having neighbors in excess of normal galaxies and
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Sy1 galaxies, but in relative agreement with Sy2 galaxies.
However, the BIRG population consists of various types
of active galaxies, including starbursts (the majority),
Seyferts, Liners and normal galaxies and thus it would
be of great interest to clarify the connection between in-
frared emission, interactions and different types of active
galaxies.
During the last decade, many studies have investigated
the relation among interacting galaxies, starbursting and
nuclear activity (eg. Hernandez-Toledo et al. 2001; Ho
2005). Despite the plethora of available information,
searches for correlations between the above physical pro-
cesses are inconclusive, the only exception being the cou-
pling between interactions and starbursting. However,
there is evidence that AGN galaxies host a post-starburst
stellar population (eg. Boisson et al. 2000, Gonza´lez Del-
gado et al. 2001) while Kauffmann et al. (2003) showed
that the fraction of post-starburst stars increases with
AGN emission. Proving a relation of this type between
starburst and AGN galaxies would simultaneously solve
also the problem of the AGN triggering mechanism. In-
teractions would be the main cause of such activities,
being starbursting and/or the feeding of a central black
hole. However, this is not a trivial task. The main diffi-
culty arises from the fact that the Star Formation Rate
(SFR) estimation in AGN host galaxies is still problem-
atic. All SFR estimation methods present complications
and even those based on the FIR continuum are doubt-
ful, since the contribution of the active nuclei is unknown
(eg. Ho 2005).
Despite the difficulties, some studies, based on differ-
ent diagnostics seem to conclude that there is indeed an
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evolutionary sequence from starburst to type 2 and then
to type 1 AGN galaxies (e.g. Oliva et al. 1999, Kron-
gold et al. 2002). In addition, Kim, Ho and Im (2006),
using the [OII] emission line as a SFR indicator, reach
the conclusion that type 2 are the precursors of type 1
quasars supporting the previous claims. These studies
are based on the observed differences between different
types of AGNs and resemblance of type 2 objects to star-
bursts. This raises doubts about the simplest version of
the unification scheme of AGNs. It is true that the re-
cent discovery of 10µm silicate emission in two luminous
quasars implies the presence of dust, but it is not clear yet
what is the spatial distribution of this material (Sieben-
morgen et al. 2005). In addition, silicate emission is not
yet detected in other type 1 objects and thus more obser-
vations are needed to establish the existence of the dusty
torus.
We can summarize all the previous in two statements:
(1) the starburst-AGN connection is still not well estab-
lished and (2) the AGN unification model, although suc-
cessful in interpreting many observational facts, remains
fragile. From our point of view, our BIRG sample offers
a homogeneous and complete database, which is ideal for
a statistical study on these issues.
We will discuss our galaxy samples in section §2. Our
data analysis and results will be presented in §3, while in
section §4 we will discuss our results and present our con-
clusions. Due to the fact that all our samples are local,
cosmological corrections of galaxy distances are negligi-
ble. Throughout our paper we use H◦ = 100 h Mpc.
2. OBSERVATIONS & SAMPLES
2.1. BIRG Galaxies and Control Sample
The Bright IRAS sample consists of 87 objects with
redshifts between 0.008 and 0.018 and was compiled from
the BIRG survey by Soifer et al. (1989) for the north-
ern hemisphere and by Sanders et al. (1995) for the
southern. It includes only high galactic latitude objects
(|b| > 30o) in order to avoid extinction and confusion
with galactic stars. All objects lay in the luminosity
range of 1010 h−2L⊙ ≤ LFIR ≤ 10
12 h−2L⊙. This sam-
ple is volume limited and a V/Vmax test gives a value of
0.47 ± 0.05. Since the BIRG survey is highly complete,
this sample is expected to be as well. More details about
the sample selection are given in Krongold et al. (2002).
In addition we have refined the Bright IRAS sample by
correcting the infrared fluxes using “The IRAS Revised
Bright Galaxy Sample” by Sanders et al. (2003). Fur-
thermore for interacting galaxies we used the corrected
fluxes given by Surace, Sanders and Mazzarella (2004).
We also use the control sample, compiled by Krongold
et al. (2002) in such a way as to reproduce the main char-
acteristics, other than the infrared emission, of the Bright
IRAS sample. Specifically, the control sample was com-
piled from the original CfA catalog to reproduce closely
the redshift, morphological type and diameter size dis-
tributions of the corresponding IRAS sample. In other
words, the selection of the IRAS sample and its corre-
sponding control sample is exactly the same, the only
difference being the infrared luminosity. This is very im-
portant in order to validate that any possible environ-
mental effect is related to the mechanisms that produce
the observed high infrared luminosity and not to possible
differences in the host galaxies or sample biases.
In Table 1 we present the names, celestial coordinates,
Zwicky magnitudes, redshifts nearest neighbor projected
linear distance and spectral types of our final list of
Bright IRAS galaxies.
2.2. SSRS and CfA2 catalogues
In order to investigate the local and large scale environ-
ment around our BIRG and control sample galaxies we
use the CfA2 and SSRS galaxy catalogues which cover
a large solid angle of the sky. Although these galaxy
catalogues date from the 80’s and 90’s they still provide
an important database for studies of the properties of
galaxies and their large-scale distribution in the nearby
Universe. We briefly present the main characteristics of
these catalogues.
The CfA2 redshift catalog contains approximately
18000 galaxy redshifts in the northern sky down to a
magnitude limit of mB =15.5 (Huchra 1990). The mag-
nitude system used is the merging of the original Zwicky
magnitudes and the more accurate RC1 B(0) magni-
tudes. These exhibit a scatter of ∼ 0.3 mags (eg. Bothun
& Cornell 1990). Following Huchra (1990), we do not at-
tempt to translate these magnitudes to a standard pho-
tometric system since this requires accurate knowledge of
the morphological type and size of each individual galaxy.
The SSRS catalog (da Costa et al. 1998) contains red-
shifts, B magnitudes and morphological classifications
for ∼5400 galaxies in two regions covering a total of 1.70
steradians in the southern celestial hemisphere and it
is more than 99% complete down to mB = 15.5. The
galaxies have positions accurate to about 1 arcsec and
magnitudes with an rms scatter of about 0.3 mag. The
radial velocity precision is of ∼ 40 km/s.
Note that in the regions covered by the SSRS and
CfA2 catalogues, only a subsample of the original BIRGs
and their control samples can be found (76 Bright
IRAS galaxies and 61 control galaxies). In order to
test whether these subsamples are statistically equiva-
lent with their parent samples (ie., their diameter, mor-
phological type and redshift distributions) we used the
Kolmogorov-Smirnov two-sample test. We verified that
the null hypothesis, the subsamples being equivalent with
their parent samples, cannot be rejected at any signifi-
cant statistical level.
2.3. Our spectroscopic observations
In order to cover a larger magnitude difference between
the BIRGs and their nearest neighbor than that im-
posed by the CFA2/SSRS magnitude limit (mB ∼ 15.5)
we have obtained our own spectroscopic observations of
fainter neighbors around a subsample of our BIRGs, con-
sisting of 24 galaxies (selected randomly from their par-
ent sample). Around each BIRG we have obtained spec-
tra of all neighboring galaxies within a projected radius
of 100 h−1 kpc and a magnitude limit of mB . 19.0.
Our aim with this new fainter neighbor search is not to
establish or not the existence of close neighbors around
the BIRGs. This will be done by using the brighter SSRS
and CfA2 catalogues, at the magnitude limit of which we
have well defined control samples. What we seek with
these observations is to facilitate a comparison with a
similar analysis of Seyfert galaxies by Koulouridis et al.
(2006), in which Sy2’s were found to have significantly
higher fraction of neighbors with respect to Sy1’s. In
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other words we wish to establish whether the fractional
differences in-between the Sy1, Sy2 and BIRG samples
of galaxies, already determined (or not) as significant
with respect to their control samples, continue to fainter
magnitudes.
Optical spectroscopy was carried out using the Faint
Object Spectrograph and Camera (LFOSC) (Zickgraf et
al. 1997) mounted on the 2.1m Guillermo Haro tele-
scope in Cananea, operated by the National Institute of
Astrophysics, Optics and Electronics (INAOE) of Mex-
ico. A setup covering the spectral range 4200 − 9000A˚
with a dispersion of 8.2 A˚/pix was adopted. The effec-
tive instrumental spectral resolution was about 18 A˚. The
data reduction was done using the IRAF packages and
included bias and flat field corrections, cosmic ray clean-
ing, wavelength linearization, and flux transformation.
In Table 2 we present the BIRG name, coordinates,
redshift and magnitude for this subsample of BIRGs. Be-
low the row of each BIRG we list the corresponding data
for all its neighbors, within a projected separation of 100
h−1 kpc. Since Zwicky magnitudes were not available
for the fainter neighbors and in order to provide a ho-
mogeneous magnitude system for all the galaxies we de-
cided to list in Table 2 the OMAPS magnitudes
5 for all
galaxies, being the central BIRG or their neighbors (see
http://aps.umn.edu/docs/photometry). The neigh-
bor measured redshift is presented in the fifth column
(while in some very few cases we list the redshift from
the NED). The uncertainties listed are estimated from
the redshift differences which result from using different
emission lines.
3. ANALYSIS AND RESULTS
We search for the nearest neighbor around each BIRG
and control galaxy in our samples with the aim of es-
timating the fraction of BIRG and normal galaxies that
have a close neighbor. To define the neighborhood search
we use two parameters, the projected linear distance (D)
and the radial velocity separation (δv) between the cen-
tral BIRG and the neighboring galaxies found in the
CfA2 and SSRS catalogues or in our own spectroscopic
observations. We search for neighbors with δv ≤ 600
km/s, which is roughly the mean galaxy pairwise veloc-
ity of the CfA2 and SSRS galaxies or about twice the
mean pairwise galaxy velocity when clusters of galaxies
are excluded (Marzke et al. 1995). Note however that
our results remain robust even for δv ≤ 1000 km/s. We
then define the fraction of BIRG and normal galaxies
that have their nearest neighbor within the selected δv
separation, as a function of increasing D.
3.1. Neighbors with mB∼< 15.5 (CfA2 & SSRS)
In Figure 1 (upper panels) we plot the fraction of BIRG
and control galaxies as a function of the projected dis-
tance (D) of the first companion and for two velocity
separations (δv ≤ 200 km/s and δv ≤ 600 km/s). For
comparison we also plot the results of a similar analysis
by Koulouridis et al. (2006) concerning Seyfert galaxies
and their control samples.
It is evident that a significantly higher fraction of BIRG
galaxies have a near neighbor within D∼< 100 h
−1 kpc
5 O (blue) POSS I plate magnitudes of the Minnesota Auto-
mated Plate Scanner (MAPS) system.
with respect to their control sample. In Koulouridis et
al. (2006) we found that there is a significantly higher
fraction of Sy2 galaxies (∼ 27%) having a near neighbor
within D∼< 75 h
−1 kpc with respect to both their control
sample and the Sy1 galaxies (∼ 14%). Adding here the
BIRG sample, which includes mostly starburst and Sy2
galaxies (see Table 1), we can clearly see that an even
higher fraction of BIRGs (∼ 42%) tend to have a close
companion within D∼< 75 h
−1 kpc. The latter needs a
further explanation since it is not consistent with most
starburst-AGN connection scenarios, which suggest a si-
multaneous creation of starburst and Sy2 nuclei triggered
by interactions.
In order to investigate whether fainter neighbors, than
those found in the relatively shallow CFA2 and SSRS
catalogues, exist around our BIRGs, we have performed
a spectroscopic survey of all neighbors with mB∼< 19.0
(∼> 3 magnitudes fainter than the CfA2 and SSRS limits).
This limit translates into an absolute magnitude limit of
MB ∼ −15.2 for the most distant objects in our sample
(z= 0.018). This magnitude is fainter even than that of
the Small Magellanic Cloud.
3.2. Neighbors with mB∼< 19.0 (our spectroscopy)
Here we present results of our spectroscopic observa-
tions of all the neighbors with D ≤ 75 h−1 kpc and
mB∼< 19.0 for the subsample of 24 BIRG galaxies (see
Table 2).
We find that in total 13 out of the 24 BIRGs have at
least one close neighbor within the above limits, with 9
of these having neighbors already detected in the SSRS
and CfA2 catalogues, ie., only 4 BIRGs have fainter than
mb ∼ 15.5 neighbors. This implies that the BIRGs hav-
ing a close neighbor (within D ≤ 75 h−1 kpc and for
δv ≤ 600 km/s) increases only by ∼45% when going
fainter.
Koulouridis et al. (2006) showed that the percent-
age of both Sy1 and Sy2 galaxies that have a close
neighbor (within the above limits) increases correspond-
ingly by about 100% when we descent from mB∼< 15.5
to mB∼< 19.0 (but remember that the host galaxies have
magnitudes slightly closer to the CFA2 and SSRS limit).
In detail, while the percentage of Sy1 and Sy2 galaxies
having a close neighbor increases from 14% to 27% and
from 27% to 55% respectively, for BIRGs it increases
from 42% to 54%, reaching the equivalent Sy2 levels.
We summarize that BIRGs, with respect to their control
sample, show an excess of close neighbors which there-
fore should be responsible for their excess FIR emission.
These results confirm a previous 2-dimensional analysis
of Krongold et al. (2002) of the same BIRG sample.
Since the fractions of both BIRGs and Sy2s that have
a close neighbor is roughly the same, an interesting ques-
tion is whether there are any magnitude differences be-
tween hosts and neighbors for the BIRGs and the Sy2s.
In Figure 2 we present the distribution of such magnitude
differences (∆m) between hosts and nearest neighbor for
the BIRGs and the Sy2s. Although there appears to be
a slight preference for brighter neighbors of the BIRGs
with respect to the Sy2s, the two distributions are sta-
tistically equivalent, as quantified by a K-S test which
gives a probability of them being drawn from the same
parent population of ∼ 0.75.
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3.3. Large scale environmental analysis
Here we investigate whether there are differences in
the large scale environment of BIRGs with respect to
their control galaxies and to the Sy1 and Sy2 samples of
Koulouridis et al. (2006). To this end we determine the
galaxy overdensity, based on the CfA2 and SSRS cata-
logues, in a region around each BIRG or control sample
galaxy. We count all neighboring galaxies around each
galaxy within a projected radius of 1 h−1 Mpc, while to
take into account the galaxy peculiar velocities, we use a
radial velocity separation of δv ≤ 1000 km/s.
We estimate the expected CfA2 and SSRS field galaxy
density, 〈ρ〉, at the distance of each galaxy by integrat-
ing the corresponding CfA2 or SSRS luminosity function
(Marzke, Huchra & Geller 1994; da Costa et al. 1994)
using as a lower integration limit the minimum galaxy lu-
minosity that corresponds to the galaxy catalogue mag-
nitude limit (ie., mB = 15.5) at that distance. We then
compute the local overdensity around each AGN, within
the previously mentioned cylinder, which is given by:
∆ρ = (ρ − 〈ρ〉)/〈ρ〉, where ρ = N/V with N the num-
ber of neighbors and V the corresponding volume of the
cylinder.
In Figure 3 we plot the overdensity frequency distri-
bution for the BIRGs (left panel) and the corresponding
distribution of their control galaxy sample. For compari-
son, we also plot the distributions for the Seyfert galaxies
of Koulouridis et al. (2006). A Kolmogorov-Smirnov test
shows that there is no statistically significant difference
between any active galaxy sample (BIRG or Seyfert) and
their respective control sample distribution.
However, there is a statistically significant difference,
at a 0.03 and 0.09 level, between the overdensity distri-
butions of BIRGs - Sy1s and Sy1s - Sy2s, respectively.
Similar, differences are also found between their respec-
tive control samples. On the other hand the correspond-
ing distributions of BIRGs and Sy2s (and of their control
samples) are statistically equivalent at a 0.9 level. This
implies that the large scale environment of BIRGs and
Sy2s is similar but significantly different to that of Sy1s, a
difference which since it is also seen in their correspond-
ing control samples should be attributed to differences
of the host galaxies. Indeed, Sy1 hosts are earlier type
galaxies (e.g., Hunt & Malkan 1999, Koulouridis et al.
2006) which are known to be more clustered than late
types (e.g., Willmer et al. 1998).
3.4. FIR color analysis
In these section we investigate whether there is relation
between the strength of the interaction of BIRGs with
their closest neighbor and their FIR characteristics. The
strength of any interaction could be parametrized as a
function of the distance between the BIRG and its first
neighbor. At this first order analysis we do not take into
account the magnitude difference between BIRGs and
their close neighbor, which as we have shown previously
(see figure 2), does not appear to be significantly differ
from that of Sy2 galaxies. We divided the interactions in
our sample into three categories based on the proximity
of the first neighbor. We consider strong interactions
when D ≤ 30 h−1 kpc, weak interactions when 30 ≤ D ≤
100 h−1 kpc and no interaction when D > 100 h−1 kpc.
In Figure 4 we present the color - color diagram of
α(60, 25) versus α(25, 12), where α(λ1, λ2) is the spec-
tral index defined as α(λ1, λ2) = log(Sλ1/Sλ2)/(λ2/λ1)
with Sλ1 the flux in janskys at wavelength λ1. We can
clearly see the differences between the FIR characteris-
tics among different types of galaxies and different in-
teraction strengths. The different interaction strengths
are coded by different types of symbols while the differ-
ent activity is color coded as indicated in the caption
of the figure. We cross-identified classifications of each
BIRG combining various studies like : The Pico Dos Dias
Survey (Coziol et al. 1998), Optical Spectroscopy of lu-
minous infrared galaxies (Veilleux et al. 1997; Ho, Filip-
penko, Sargent 1995), COLA – Radio and spectroscopic
diagnostics of nuclear activity in galaxies (Corbett et al.
2002), Warm Iras Sources (de Grijp et al. 1987) and,
when available, SDSS spectroscopic data.
It is evident that the FIR characteristics of starburst
galaxies in our BIRG sample differ significantly depend-
ing on the strength of the interaction. The major-
ity of highly interacting starburst have α(60, 25) spec-
tral indices greater than -2, while all, except one, non-
interacting starbursts have less. We also find that nor-
mal galaxies and Liners are at the lower end of this se-
quence. The only highly-interacting starburst galaxy be-
low α(60, 25) = −2.15 is NGC7541 which happens to
have more than two times the typical molecular gas mass
of BIRGs (Mirabel & Sanders 1988). The difference be-
tween highly interacting and non-interacting starburst
galaxies, as quantified by a K-S test, is significant at a
> 99.9% level when comparing their α(60, 25) index dis-
tribution. However, Sy2 galaxies, interacting or no, seem
to lay in the same area (−2.5 < α(60, 25) < −2) with
non-interacting starburst galaxies, delineated in figure 4
by blue dashed lines.
The FIR color analysis of our sample strengthens our
previous results. It clearly shows that the starburst ac-
tivity is higher when interactions are stronger and ceases
when the interacting neighboring galaxy moves away.
While the starburst activity weakens (if we link position
on the plot with time) Sy2 nuclei appear, giving further
evidence on the causal bridging between these objects.
4. DISCUSSION & CONCLUSIONS
We have compared the 3-dimensional environment of a
sample of local BIRGs with that of a well defined control
sample, selected in such a way as to reproduce the red-
shift, morphological type and diameter size distributions
of the BIRG sample. We searched for close neighbors
around each BIRG and control sample galaxy using the
distribution of CfA2 and SSRS galaxy catalogues as well
as our own spectroscopic observations reaching a fainter
magnitude limit (but for a restricted BIRG subsample).
We also compared our results with those of a similar
analysis of Seyfert galaxies (Dultzin-Hacyan et al. 1999;
Koulouridis et al. 2006).
We find that the fraction of BIRG galaxies having a
close neighbor, within a projected separation of 75 h−1
kpc and radial velocity difference of δv ≤ 600 km/s, is
significantly higher than the corresponding fraction of
its control sample and that of Sy1 galaxies while it is
comparable to that of Sy2 galaxies. This result is in
accordance with some previous two-dimensional studies
(eg. Krongold et al. 2002). We reach similar results
regarding the large scale environment of BIRGs (within
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a projected radial separation of 1 h−1 Mpc and a ra-
dial velocity difference δv ≤ 1000 km/s). Once more
their behavior resembles that of Sy2’s but not of Sy1’s.
We also find a statistically significant difference between
highly-interacting and non-interacting BIRGs, based on
their FIR color properties. Sy2s appear to display a simi-
lar behavior to that of non-interacting starburst galaxies,
introducing new evidence for the starburst/AGN connec-
tion scenarios.
Our results can be accommodated in a simple evolu-
tionary scenario, starting with an interaction, and end-
ing in a Sy1 phase. First, close interactions would drive
molecular clouds towards the central area, creating a cir-
cumnuclear starburst. Then, material could fall even fur-
ther into the innermost regions of the galaxy, feeding the
black hole, and giving birth to an AGN which at first can-
not be observed due to obscuration. At this stage only
a starburst would be observed. As starburst activity re-
laxes and obscuration decreases, a Sy2 nucleus would be
revealed (still obscured by the molecular clouds from all
viewing angles). As a final stage, a Sy1 phase could ap-
pear. In this case, the molecular clouds, initially in a
spheroidal distribution, could flatten and form a “torus”
(as in the unification scheme for Seyferts). As more ma-
terial is accreted, it is possible that the AGN strengthens
driving away most of the obscuring clouds, and leaving
a “naked” Sy1 nuclei.
If indeed interactions play a role in triggering activity,
as suggested by the above picture, then the lack of close
companions among Sy1 galaxies implies that the time
needed for type 1 activity to appear should be larger than
the timescale for an unbound companion to escape from
the close environment, or comparable to the timescale
needed for an evolved merger (∼ 109 years, see Krongold
et al. 2002).
It should be noted that the evolutionary scenario does
not contradict the unification scheme. It implies that
Sy1s and Sy2s are the same objects (as the unification
model proposes) but not necessarily at the same evolu-
tionary phase. However, there could be a phase where
only orientation could define if an object appears as a Sy1
or as a Sy2, which is the stage where molecular clouds
form a torus but have not been swept away yet.
Evidently, more detailed observations of large samples
of galaxies are needed to resolve this important issue.
However, such a picture is consistent with the evolution-
ary scenario suggested by Tran (2003). He studied a
sample of Sy2 in polarized light, and found that only
50% of them showed the presence of a hidden broad line
region (HBLR). He suggested that non-HBLR Sy2 galax-
ies could evolve into HBLR Sy2 galaxies. In this case, the
appearance of the BLR could be related to the accretion
rate (e.g. Nicastro 2000), and thus with the evolutionary
stage of the object. The trend is also consistent with the
finding that 50% of Sy2 galaxies also show the presence
of a strong starburst (Gu et al. 2001; Cid-Fernandez et
al. 2001).
On the brightest end, there is also growing evidence
showing (a) that ULIRGs can be the precursors of
quasars and (b) ULIRGS are found in very strong inter-
acting systems or in mergers (e.g. Sanders, Surace and
Ishida 1999; Wang et al. 2006). Therefore, the evolu-
tionary sequence proposed above could be general to all
nuclear activity and independent on luminosity (we note
that Krongold et al. 2003 suggested a similar scheme
for LINERs that can be considered as the very low lu-
minosity extension of the evolutionary model suggested
here). Further evidence comes from the fact that type
2 quasars also tend to be in interaction more often than
type 1 quasars (Serber et al. 2006).
In order to better understand the role of interactions
in driving starburst and nuclear activity (and the valid-
ity of the evolutionary trend), we are in the process of
studying AGN and starburst manifestations in the near-
est neighbors of the active galaxies in our samples, since
the same physical processes should act on both members
of the pair (host and nearest neighbor).
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TABLE 1
Our Bright IRAS sample galaxies which reside in the sky region covered by the
SSRS and Cfa2 catalogues.
NAME RA (J2000) DEC (J2000) mB z D (h
−1 kpc) TYPE
NGC0023 00 09 53.1 25 55 25 12.50 0.0152 isolated starburst
ESO079-G003 00 14 54.7 −39 11 19 12.50 0.0090 isolated normal
NGC0174 00 36 59.0 −29 28 40 13.62 0.0116 isolated starburst
UGC00556 00 54 49.6 29 14 43 15.30 0.0154 isolated Liner
UGC00903 01 21 47.1 17 35 34 14.70 0.0084 isolated unclassified
ESO353-G020 01 34 51.6 −36 08 08 13.95 0.0161 isolated normal
NGC0716 01 52 59.3 12 42 31 14.00 0.0152 isolated normal
UGC01451 01 58 29.9 25 21 34 14.30 0.0164 isolated normal
NGC0835 02 09 24.5 −10 08 06 13.14 0.0138 11.00 starburst
NGC0838 02 09 38.3 −10 08 45 14.22 0.0128 27.82 starburst
NGC0839 02 09 42.8 −10 10 59 14.20 0.0128 27.91 starburst
NGC0873 02 16 32.2 −11 20 52 12.83 0.0134 isolated starburst
NGC0877 02 17 58.5 14 32 53 12.50 0.0131 isolated starburst
NGC0922 02 25 04.4 −24 47 15 12.63 0.0103 isolated starburst
NGC0992 02 37 25.2 21 06 06 13.50 0.0138 30.32 starburst
NGC1083 02 45 40.5 −15 21 24 15.19 0.0137 isolated starburst
NGC1134 02 53 40.9 13 00 58 13.20 0.0121 77.18 normal
UGC02403 02 55 57.2 00 41 36 13.20 0.0139 isolated starburst
NGC1204 03 04 39.9 −12 20 25 14.21 0.0143 isolated starburst
ESO420-G013 04 13 49.5 −32 00 23 13.52 0.0121 isolated Sy2
NGC1614 04 31 35.5 −08 40 56 12.00 0.0160 2.00 starburst
NGC2782 09 14 05.5 40 06 54 12.66 0.0085 isolated starburst
NGC1667 04 46 10.5 −06 24 24 13.00 0.0150 isolated Sy2
NGC2785 09 15 15.8 40 55 08 14.90 0.0088 52.00 starburst
NGC2856 09 24 16.9 49 14 58 13.90 0.0088 26.53 starburst
NGC3147 10 16 55.8 73 24 07 11.52 0.0094 isolated Sy2
NGC3221 10 22 21.0 21 34 12 14.30 0.0137 isolated normal
NGC3367 10 46 34.5 13 45 10 12.22 0.0101 isolated unclassified
NGC3508 11 02 59.6 −16 17 17 13.20 0.0130 isolated starburst
NGC3690 11 28 32.9 58 33 19 13.20 0.0104 2.16 starburst
NGC3735 11 36 01.0 70 32 06 12.60 0.0090 isolated Sy2
NGC3994 11 57 37.0 32 16 39 13.68 0.0105 18.17 Liner
NGC3995 11 57 44.9 32 17 42 12.96 0.0109 18.65 starburst
NGC4175 12 12 30.7 29 10 10 14.20 0.0131 17.39 Sy2
NGC4194 12 14 10.1 54 31 34 13.00 0.0084 isolated starburst
NGC4332 12 22 47.8 65 50 36 13.20 0.0091 isolated starburst
NGC4388 12 25 46.7 12 39 40 12.20 0.0084 isolated Sy2
NGC4433 12 27 38.6 −08 16 49 12.90 0.0099 63.09 normal
MCG-02-33-098 13 02 19.8 −15 46 07 15.38 0.0159 isolated starburst
MCG-03-34-014 13 12 34.5 −17 32 28 13.02 0.0092 isolated normal
NGC5020 13 12 40.1 12 35 57 13.40 0.0112 isolated normal
IC0860 13 15 03.7 24 37 05 14.80 0.0129 isolated unclassified
NGC5073 13 19 21.4 −14 51 46 13.50 0.0091 isolated starburst
IC4280 13 32 53.0 −24 12 29 13.51 0.0163 93.52 starburst
NGC5371 13 55 40.3 40 27 38 11.59 0.0085 isolated unclassified
NGC5394 13 58 33.7 37 27 10 13.85 0.0116 19.44 starburst
NGC5395 13 58 37.9 37 25 27 12.47 0.0116 19.10 Liner
NGC5430 14 00 45.7 59 19 46 13.08 0.0099 isolated starburst
NGC5433 14 02 36.1 32 30 35 14.00 0.0145 isolated starburst
NGC5427 14 03 25.7 −06 01 53 11.93 0.0087 22.81 Sy2
NGC5595 14 24 13.2 −16 43 28 13.12 0.0090 32.63 normal
NGC5597 14 24 27.2 −16 45 50 13.32 0.0089 32.68 starburst
NGC5653 14 30 10.3 31 12 50 13.39 0.0119 isolated starburst
NGC5728 14 42 23.6 −17 15 14 12.81 0.0095 isolated Sy2
NGC5757 14 47 46.2 −19 04 45 13.50 0.0089 isolated starburst
NGC5793 14 59 24.6 −16 41 38 14.17 0.0117 37.36 Sy2
UGC09668 14 55 56.0 83 31 29 13.80 0.0131 63.55 starburst
CGCG049-057 15 13 13.2 07 13 26 15.50 0.0130 isolated starburst
NGC5900 15 15 05.0 42 12 28 15.00 0.0084 70.48 normal
NGC5930 15 26 07.8 41 40 30 13.00 0.0087 3.59 starburst
NGC5936 15 30 01.1 12 59 21 13.41 0.0134 isolated starburst
NGC5937 15 30 46.0 −02 49 49 13.35 0.0095 isolated starburst
NGC5990 15 46 16.0 02 24 49 13.10 0.0128 84.90 Sy2
NGC6052 16 05 13.1 20 32 27 14.70 0.0151 isolated starburst
ESO402-G026 21 22 31.7 −36 40 57 13.69 0.0093 isolated normal
NGC7130 21 48 19.5 −34 57 10 13.33 0.0161 isolated unclassified
NGC7172 22 02 02.2 −31 52 15 12.95 0.0086 46.75 Sy2
IC5179 22 16 09.3 −36 50 43 12.46 0.0114 isolated starburst
ESO534-G009 22 38 41.7 −25 51 02 13.55 0.0113 86.40 Liner
NGC7469 23 03 15.5 08 52 24 13.00 0.0162 18.76 unclassified
NGC7541 23 14 43.0 04 32 03 12.70 0.0089 23.62 starburst
NGC7591 23 18 16.0 06 35 08 13.80 0.0165 isolated Sy2
NGC7678 23 28 27.7 22 25 15 12.70 0.0116 isolated Sy2
NGC7714 23 36 14.0 02 09 17 13.10 0.0093 16.12 starburst
NGC7769 23 51 04.7 20 09 03 13.10 0.0141 2.64 unclassified
NGC7771 23 51 24.7 20 06 41 13.39 0.0143 13.23 unclassified
UGC12914 24 01 38.0 23 29 04 13.20 0.0146 14.82 unclassified
UGC12195 24 01 42.2 23 29 41 13.90 0.0145 14.33 unclassified
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TABLE 2
The subsample of BIRG galaxies in our spectroscopic survey. Below each
BIRG we list all their neighbors within a projected distance of 100 h−1
kpc with their measured redshifts.
NAME RA DEC OMAPS z TYPE
J2000 J2000 integrated
NGC0023 00 09 53.1 25 55 25 13.95 0.0152 starburst
none
UGC00556 00 54 49.6 29 14 43 15.63 0.0154 Liner
neighbor 1 00 54 51.1 29 16 25 17.03 0.0152±0.0002
NGC0716 01 52 59.3 12 42 31 14.51 0.0152 Normal
none
UGC01451 01 58 29.9 25 21 34 15.41 0.0164 Normal
none
NGC0835 02 09 24.5 −10 08 06 13.67⋆ 0.0138 starburst
neighbor 1 02 09 20.9 −10 08 00 ⋆ 0.0130±0.0002
neighbor 2 02 09 38.3 −10 08 45 14.89 0.0133±0.0004
neighbor 3 02 09 42.8 −10 10 59 15.01 0.0132±0.0004
NGC0877 02 17 58.5 14 32 53 13.07 0.0131 starburst
neighbor 1 02 17 53.3 14 31 17 16.04 0.0136± 0.0007
neighbor 2 02 17 26.3 14 34 49 16.77 0.013376††
NGC0922 02 25 04.4 −24 47 15 13.25 0.0103 starburst
neighbor 1 02 24 30.0 −24 44 44 16.73 0.1054††
NGC0992 02 37 25.2 21 06 06 15.39 0.0138 starburst
neighbor 1 02 37 28.2 21 08 31 16.99 0.0126± 0.0004
NGC1614 04 31 35.5 −08 40 56 14.55 0.0160 Sy2
neighbor 1 04 31 35.5 −08 40 56 16.44 0.0160
NGC1667 04 46 10.5 −06 24 24 13.00† 0.0160 Sy2
none
UGC02403 02 55 57.2 00 41 36 15.33 0.0139 starburst
neighbor 1 02 55 58.9 00 40 26 19.10 0.0749± 0.0002
NGC2785 09 15 15.8 40 55 08 14.85 0.0088 starburst
neighbor 1 09 15 33.8 40 55 27 14.54 0.0653±0.0004
neighbor 2 09 14 43.1 40 52 47 14.54 0.008319††
neighbor 3 09 14 35.6 40 55 24 17.58 0.008933††
NGC2856 09 24 16.9 49 14 58 14.71 0.0088 starburst
neighbor 1 09 24 03.1 49 12 16 14.52 0.0089±0.0004
NGC3221 10 22 21.0 21 34 12 13.87 0.0137 Normal
neighbor 1 10 22 26.0 21 32 31 17.06 0.0117±0.0004
neighbor 2 10 22 21.1 21 31 00 17.89 0.0539±0.0003
neighbor 3 10 22 13.4 21 30 42 18.67 0.0128±0.0007
NGC3690 11 28 32.9 58 33 19 13.76⋆ 0.0104 starburst
neighbor 1 11 28 33.5 58 33 47 ⋆ 0.010411††
neighbor 2 11 28 27.3 58 34 42 ⋆ 0.0132±0.0001
neighbor 3 11 28 45.8 58 35 36 16.14 0.0604±0.0002
NGC4388 12 25 46.7 12 39 40 12.79 0.0084 Sy2
neighbor 1 12 25 41.7 12 48 38 14.50 0.0021±0.0001
neighbor 2 12 25 15.2 12 42 53 15.87 <0.001††
IC0860 13 15 03.7 24 37 05 15.31 0.0129 unclassified
none
NGC5073 13 19 21.4 −14 51 46 14.03 0.0091 starburst
neighbor 1 13 19 34.1 −14 46 22 16.21 0.0350±0.0006
neighbor 2 13 18 56.4 −14 54 13 16.41 0.0347±0.0001
NGC5433 14 02 36.1 32 30 35 14.68 0.0145 starburst
neighbor 1 14 02 39.0 32 27 50 18.00 0.0142±0.0008
neighbor 2 14 02 20.5 32 26 53 16.17 0.00141±0.0007
NGC5653 14 30 10.3 31 12 50 14.10 0.0119 starburst
none
NGC5990 15 46 16.0 02 24 49 14.29 0.0128 starburst
neighbor 1 15 46 28.9 02 23 09 18.16 0.0468±0.0002
neighbor 2 15 46 23.2 02 21 34 17.58 0.0480±0.0003
neighbor 3 15 45 45.9 02 24 35 15.87 0.0141±0.0001
NGC7541 23 14 43.0 04 32 03 13.22 0.0089 starburst
neighbor 1 23 14 34.5 04 29 54 14.70 0.0080±0.0006
NGC7714 23 36 14.0 02 09 17 13.10† 0.0093 starburst
neighbor 1 23 36 22.1 02 09 24 14.90† 0.0089±0.0001
NGC7771 23 51 24.7 20 06 41 13.81⋆ 0.0143 unclassified
neighbor 1 23 51 22.5 20 05 47 ⋆ 0.0145±0.0008
neighbor 2 23 51 13.1 20 06 12 17.13 0.013679††
neighbor 3 23 51 04.0 20 09 02 14.05 0.0139±0.0003
neighbor 4 23 51 13.9 20 13 46 17.02 0.043527††
†Zwicky blue magnitude (Region Not Covered by MAPS Catalog)
††Redshift from NED
⋆Not resolved neighboring galaxies
The Local Environment of Bright IRAS Galaxies: The AGN/Starburst connection. 9
Fig. 1.— Top Panels: Fraction of BIRGs (thick line) and their control sample galaxies (thin dashed line) which have their nearest
neighbor, within the indicated redshift separation, as a function of projected distance. Bottom Panels: Corresponding Sy1 (red) and Sy2
(blue) fractions by Koulouridis et al. 2006
Fig. 2.— The frequency distribution of host (BIRG or Sy2) - nearest neighbor magnitude differences.
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Fig. 3.— Left Panel: Frequency distribution of galaxy overdensities around BIRGs (solid line) and control sample (shaded histogram).
Right Panel: Corresponding distribution around Sy1s (solid line) and Sy2s (dashed histogram). Note that here we do not present the
corresponding distributions of their control samples (to this end see Koulouridis et al. 2006).
Fig. 4.— FIR color-color diagram: α(60, 25) versus α(25, 12). The color coding is such that starbursts are represented by blue, Sy2s by
green, Liners by red and normal galaxies by black. Highly interacting BIRGs are represented by filled circles, weakly interacting by filled
squares and non-interacting by crosses.
